methasone (OR 2.8, 95% CI 1.2-6.5) were associated with an increased risk of being in the lowest GV quartile. In this model, low caloric intake was not associated with low GV (OR 1.3, 95% CI 0.9-1.9). Conclusion: Variables associated with severe pulmonary disease convey more information about the risk of reduced GV during the first 28 postnatal days than does low caloric intake.
Introduction
Many extremely preterm newborns are unable to maintain their birth weight centile at hospital discharge [1] . These infants are at greater risk of neurodevelopmental limitations than their peers who gained more weight [2] [3] [4] .
Nutritional strategies such as the early introduction of parenteral and enteral feedings and maximizing protein and calorie intake are associated with improved weight gain [5] [6] [7] . Nevertheless, some extremely premature newborns do not gain weight as expected even when they receive nutrition within current guidelines [8] . Therefore, neonatal characteristics other than nutrition are probably important correlates of postnatal weight gain. For example, neonatal illness and treatment-related factors might also contribute to suboptimal weight gain [9] .
In this study, we wanted to evaluate to what extent peri-and neonatal characteristics are associated with reduced weight gain while adjusting for potential confounders including the provision of limited calorie intake.
Methods

Sample
The ELGAN (Extremely Low Gestational Age Newborn) Study [10] enrolled women who gave birth before 28 weeks gestation at one of 14 participating institutions. The 1,187 neonates who survived the first 28 postnatal days (79% of the 1,506 recruited infants) and for whom we could calculate growth velocity (GV) and caloric intake are the subjects of this study.
Data Collection Pregnancy Characteristics
The clinical circumstances that led to preterm delivery were operationally defined using both data from the maternal interview and data abstracted from the medical record.
Placenta Histology
Briefly, infarcts and intervillous fibrin, fetal stem vessel thrombosis, and decidual hemorrhage, fibrin deposition consistent with abruption, syncytial knots and inflammation of the chorionic plate were coded as present or absent.
Newborn Characteristics
Gestational age estimates were based on the dates of embryo retrieval, intrauterine insemination, or fetal ultrasound before the 14th week (62%), followed by fetal ultrasound at 14 or more weeks (29%), then last menstrual period without fetal ultrasound (7%). Intrauterine growth restriction was defined as a birth weight >2 SDs below the expected mean of infants at the same GA in a referent sample [11] . We collected all the data for the first 12 h needed to calculate a SNAP-II TM , a validated early illness severity and mortality risk score.
Neonatal Morbidities and Treatment Variables
We recorded the occurrence during the first 28 postnatal days of the following factors: duration of ventilator assistance, pneumothorax, pulmonary interstitial emphysema, pulmonary hemorrhage, early and late bacteremia, diagnosis and treatment of a patent ductus arteriosus (PDA), as well as the receipt of medications and blood products.
ELGANs were classified into three mutually exclusive early respiratory function groups: those with consistently low FiO 2 (an FiO 2 <0.23 on all days between 3 and 7 days of life and receiving FiO 2 ≤ 0.25 on day 14), those with pulmonary deterioration (PD) (an FiO 2 <0.23 on any day between 3 and 7 days and receiving FiO 2 >0.25 on day 14), and those with early and persistent pulmonary dysfunction (EPPD) (an FiO 2 ≥ 0.23 on all days between 3 and 7 and receiving FiO 2 >0.25 on day 14) [12] . Chronic lung disease (CLD) was defined as receipt of supplemental oxygen at 36 weeks' post-menstrual age. Definitions of retinopathy of prematurity (ROP) characteristics were those of the International Committee for Classification of ROP [13] .
Growth Velocity
Weights were recorded daily in the first postnatal week, then on days 14, 21 and 28. Because early weight gain is a function of birth weight [14] , we chose a measure of GV that divided the daily weight gain by the initial weight. Because ELGANs lose weight during the first postnatal week, we began the GV interval on postnatal day 7 and defined GV as the difference between the day 28 and day 7 weights divided by the weight on day 7, and then divided once again by 21 (the number of days between day 7 and day 28). This number is multiplied by 1,000 to express GV in g/kg/day, so that: GV 7-28 = 1,000 × [(wt 28 -wt 7 )/wt 7 ]/21.
Newborns were separated into four quartiles of GV. The upper bound of the lowest GV quartile was 13.8 g/kg/day, the median was 18.3 g/kg/day, and the upper bound of the third quartile was 22.6 g/kg/day.
Nutritional Practices
Detailed nutritional data collected daily for the first 7 postnatal days then weekly on days 14, 21 and 28 included concentrations, components, additives, and volumes of intravenous solutions, and enteral feedings. Macronutrient content was calculated by multiplying the daily total volume by the macronutrient content on the nutritional label for all formula types and nutritional additives. The specific figures for breast milk calculations were derived from the Ross Neonova system, version 4.5, 1999 (compiled from 'composition of mature and preterm human milk based on values obtained in the literature', Ross Medical Dept.). We used the values for mature milk, since the composition for preterm milk only lasts for approximately 14 postnatal days.
Total kilocalories per day were divided by the birth weight until the birth weight was surpassed, then by the weight on the day the nutritional information was collected. Macronutrient intake was calculated as the mean total kcal/kg/day for 28 days from both parenteral and enteral routes and each newborn was allocated to one of four quartiles of caloric intake based on the calculated mean calorie intake [8] .
Statistical Analyses
We evaluated the following two hypotheses, expressed in their null form: (1) ante-, peri-and postnatal characteristics of the newborn are not associated with GV between days 7 and 28 and (2) neonates in the lowest quartile of calories received (per kg/day) have the same risk of being in the lowest quartile for GV regardless of ante-, peri-and postnatal characteristics as their peers who received more calories.
Among newborns with specific pre-, peri-, and neonatal characteristics, we calculated the percentage who received a mean of total kcal/kg/day that was in the lowest quartile, as well as the percent who had a GV in the lowest quartile. If these characteristics were not associated with nutritional intake or GV, one would ex-pect 25% of neonates with each characteristic to have a nutritional intake or GV in the lowest quartile.
Characteristics associated with an over-representation of neonates in the lowest quartile for GV (>35% where 25% is expected) were entered into multivariable logistic regression models that adjusted for all potential confounders including a hospital stratum variable, and estimated the contribution of limited caloric intake, ante-, peri-, and postnatal characteristics to limited GV. In particular, we created two multivariable logistic regression models of the risk of a GV in the lowest quartile. The first contained only two gestational age categories (i.e. 23-24 and 25-26 weeks), a hospital stratum variable, and a variable for caloric intake in the lowest quartile. The second included these variables plus intercurrent illnesses and their correlates (mechanical ventilation on day 7, EPPD, pneumothorax, pulmonary interstitial emphysema, postnatal receipt of dexamethasone, as well as a sedative). We present the contributions as odds ratios (OR) with 95% confidence intervals (CI). ( table 1 ) Among all delivery characteristics, only maternal fever was associated with a slightly elevated risk of being in the lowest quartiles of nutrition and GV.
Results
Delivery Characteristics
Placenta Characteristics
The percentage of newborns with caloric intake and GV values in the lowest quartile was not over-or under-represented among infants with any of the histologic placenta characteristics we studied (data not shown). ( table 2 ) The percentage of infants whose caloric intake put them in the lowest quartile decreased with increasing gestational age, birth weight, and birth weight Z-score, while it increased with increasing SNAP-II TM . The percentage [11] . *** Score of Neonatal Acute Physiology II [13] .
Neonatal Characteristics
of infants with GV values in the lowest quartile decreased with increasing gestational age, and increased with increasing SNAP-II TM . ( table 3 ) Neonatal bacteremia, PDA, respiratory illness, and severe ROP were associated with a larger than expected percentage of infants whose caloric intake was in the lowest quartile. Infants with severe ROP and severe respiratory illness had an increased likelihood of being in the lowest GV quartile.
Prematurity-Related Illness
Ventilation Assistance ( table 4 )
In light of the associations between severe respiratory illness and low GV, we explored the issue of respiratory care a bit more closely and tabulated infants classified by whether or not they received mechanical or highfrequency ventilation assistance on selected days. While the caloric intake gap between groups widened over the first 4 postnatal weeks, the GV gap tended to become smaller. ( table 5 ) Almost all pharmacological interventions were associated with an increased risk for being in the lowest quartile of caloric intake, except for methylxanthine exposure, which was associated with a decreased risk. Infants who received dexamethasone were most likely to be in the lowest GV quartile. ( table 6 ) In the logistic regression model limited to gestational age categories and a variable for caloric intake in the lowest quartile, only the lowest quartile calories variable was statistically significant (OR 1.5, 95% CI 1.1-2.1). In the model that also included indicators of postnatal illnesses, low caloric intake during the first 28 postnatal days was no longer associated with a GV in the lowest quartile (OR 1.3, 95% CI 0.9-1.9). Infants dependent on ventilator support on postnatal day 7 (OR 2.2, 95% CI 1.5-3.2), those who had EPPD (OR 1.8, 95% CI 1.3-2.5), and those exposed to postnatal dexamethasone (OR 2.8, 95% CI 1.2-6.5) had an increased risk of being in the lowest GV quartile.
Medications and Therapies
Multivariable Analysis
Discussion
The first of our major findings is that indicators of breathing difficulties, including ventilator dependence on postnatal day 7, EPPD, and receipt of dexamethasone were each associated with low GV during weeks 2-4. The second major finding is that low GV during that time interval was not associated with caloric intake in the lowest quartile.
Dexamethasone
The relationship between dexamethasone and poor GV is controversial [15, 16] . Because the use of dexamethasone must be viewed as an indicator of the severity of respiratory dysfunction, the administration of dexamethasone might be an example of confounding by indication [17] .
Respiratory Illness
Only one other study found that ventilator-dependent newborns are at increased risk of poor GV [9] . One explanation for a link between ventilation and limited growth invokes systemic inflammation. Mechanically ventilated human newborns [18, 19] , adult mice [20] and fetal sheep [21] are more likely than their non-ventilated peers to have systemic inflammation. Another explanation invokes oxidative stress, which is accompanied by systemic inflammation [22] .
Ventilator dependence on day 7, but not on days 1, 14 or 28, predicted low GV during weeks 2-4 of life. A likely explanation is that each day of ventilator dependence competes in the multivariable model with each of the other days of ventilator dependence.
Caloric Intake
Neonates who received the lowest amount of calories were not at increased risk of having the most limited weight gain when the multivariable logistic regres- sion model contained indicators of respiratory dysfunction. This finding leads to the inference that low caloric intake contributes less information about the risk of low weight gain than do indicators of illness severity. We offer three explanations. First, the sickest newborns are most likely to be fluid overloaded [23] . Second, perhaps total calories are less important than the sources of the calories [8] . Third, their illnesses might limit the absorption and/or utilization of the kilocalories delivered [24] .
Modifiable Exposures
Our goal was to find modifiable early risk factors and correlates of poor GV so that newborns with these characteristics would be considered a potential target population for interventions. Of the three characteristics, we identified only dexamethasone exposure can be eliminated easily. Avoiding exposure to mechanical ventilation is possible [25] but difficult, while EPPD is unlikely to be avoided anytime soon.
Our study has several strengths including a large sample size, selection of infants based on gestational age and not birth weight [26] , and prospective data collection. Our limitations include an inability to distinguish between causation and association that the sickest infants were more likely to be treated aggressively than others who were not quite so sick, making our study prone to confounding by indication [17] , and reliance on GV as a measure of adequate nutrition. Ideally, more precise measures of nutrition are needed.
Conclusions
Among ELGANs, indicators of early pulmonary illness severity, including receipt of dexamethasone, but not low caloric intake, are associated with an increased risk for GV below the 25th percentile during postnatal weeks 2-4.
